1. Introduction {#sec0005}
===============

Kidney is the main organ responsible to maintain composition and volume of body fluids, acid-base balance and the redox status. In recent years, renal disorders have been on the rise and constitute a major health problem. The significant increase in the prevalence of renal disorders not only entails enormous cost of treatment but also has a role as a risk factor for cardiovascular disorders \[[@bib0005],[@bib0010]\]. Therefore, the renal disorders are attracting greater attention of the health practitioners. Renal abnormalities are usually associated with chemically induced oxidative damage; however it is difficult to determine if this relationship contributes to the disease or is a consequence of disease \[[@bib0015]\]. Inhibition of protein synthesis and depletion of glutathione/thiols (-SH group) have been recognized as common pathophysiological mechanism(s) of renal tissue damage. Increased free radicals production with reduced scavenging capacity of renal tissue leads to the functional and structural alterations in kidney \[[@bib0020], [@bib0025], [@bib0030]\]. It has been reported that the exposure to pesticides, metals and metalloids which constitutes the major environmental toxicants induces oxidative damage to various tissues including kidneys \[[@bib0010],[@bib0035], [@bib0040], [@bib0045], [@bib0050], [@bib0055]\].

Imidacloprid (IMI), a newer neonicotinoid insecticide, is used worldwide for insect and pest management in agriculture and flea control in dogs and cats \[[@bib0060]\]. It is one of the most popular insecticides across the world because of its highly selective toxicity to insects and being safe to non-target species. However, injudicious and continuous use of IMI has increased its levels in food chain and adversely affects the mammals and aquatic organisms \[[@bib0065], [@bib0070], [@bib0075]\]. High arsenic (As) levels in air and water is the major contaminant across the world \[[@bib0080]\]. Humans and animals usually get exposed to arsenic via air and food but it has been reported that in many countries including India the major route of arsenic exposure is through contaminated drinking water \[[@bib0085]\]. Therefore, arsenic exposure remains a major public health problem as millions of people are exposed to water levels above the recommended toxic limits. Although the mechanism for arsenic toxicity can be multi-factorial, oxidative stress is one of the most widely studied and accepted mechanisms \[[@bib0010],[@bib0085], [@bib0090], [@bib0095]\].

In current scenario, dramatic and tremendous rise in the applications of IMI and higher complaints of arsenic contamination in ground water is not only common in India but in other industrial countries too. Therefore, present study was undertaken to evaluate the toxic renal effect of arsenic at maximum contaminant level (MCL) and NOEL dose of IMI alone and in-combination in wistar rats.

2. Materials and methods {#sec0010}
========================

2.1. Experimental animals and chemicals used {#sec0015}
--------------------------------------------

The study was conducted on healthy male Wistar rats (180--200 g m) procured from Indian Institute of Integrative Medicine (IIIM), Jammu. The animals were provided standard pellet ration and tap water for drinking *ad-libitum*. All the animals were maintained under standard managemental conditions (22 ± 3 °C, 50--60 % relative humidity and 12 h light-dark cycles). Prior to start of experiment, the rats were acclimatized in the laboratory conditions for a period of 15 days. The experimental protocol was dully approved by Institutional Animal Ethics Committee (IAEC) (Permission no. AU/ANN/13--14/IAEC/143-54). Imidacloprid (17.8%) used in the present study was commercially obtained from Mahindra and Mahindra Ltd. Agribusiness, Mumbai, India. Analytical grade Sodium Arsenate procured from SD Fine-Chemical Limited, Mumbai was used as a source of arsenic. All other chemicals used in the study were of analytical grade and purchased from different standard manufacturers.

2.2. Experimental protocol {#sec0020}
--------------------------

The dose of imidacloprid used was 16.9 mg/kg body weight which is equivalent to NOEL (No Observed Effect Level) \[[@bib0100]\]. To determine its subtle effect on renal tissue alone and in-conjunction with the different doses of arsenic in drinking water. As per the WHO guidelines the MCL (maximum contaminant level) of arsenic in drinking water is 50 ppb \[[@bib0105]\] and in the present study, three dose levels viz. MCL (50 ppb), double than MCL (100 ppb) and triple than MCL (150 ppb) in drinking water were used. (4.165 mg of Sodium arsenate providing 1 mg arsenic).

Male Wistar rats were randomly allocated into eight groups of six rats each. Group I served as the control received distilled water (1 ml/day), whereas group II received oral gavage of IMI at the dose rate of 16.9 mg/kg body weight. Group III, IV and V were provided access exclusively to drinking water containing arsenic in the concentrations of 50, 100 and 150 ppb, respectively while group VI, VII and VIII received combined administration of IMI and arsenic at the dose rate of 16.9 mg/kg + 50 ppb, 16.9 mg/kg + 100 ppb and 16.9 mg/kg + 150 ppb, respectively. The animals received daily dosing of IMI between 9.00--10.00 A M daily for a period of 28 days. All animals were weighed weekly for readjustment of the total quantity of IMI administered. Animals were also monitored for any clinical sign(s) during entire period of study.

2.3. Sample collection and analysis {#sec0025}
-----------------------------------

At the end of 28 days of daily treatments animals were sacrificed by cervical dislocation and 3--4 ml blood samples were collected directly from heart in sterilized heparinised tubes. A part of kidney tissue (1 *g*) was collected in 10 ml ice cold phosphate buffer solution (0.5 M, pH-7.4) and rest of renal tissue in formal saline (10%) for antioxidant parameters and histopathological studies, respectively. The blood samples were centrifuged at 4000 rpm for 10 min and plasma was separated and was used for the determination of renal biomarkers using Chemistry Analyzer (CHEM-7, ERBA, Mannheim) by diagnostic kits (Transasia Bio-Medicals Ltd, India). Tissue samples were homogenized using teflon coated homogenizer at 1000 rpm for 5--7 min at refrigerated temperature and 10% tissue homogenate was prepared for determining various antioxidant parameters and cellular damage indicators.

2.4. Determination of cellular damage indicators in kidney {#sec0030}
----------------------------------------------------------

Tissue levels of malondialdehyde (MDA) and Advanced Oxidation Protein Product (AOPP) were determined in the renal tissue. MDA level of renal tissue was analyzed at 535 nm by thiobarbituric acid reactive substance estimation using standard method \[[@bib0110]\] and values were expressed as nmol MDA produced/g of tissue/h. AOPP of renal tissue was analyzed at 340 nm according to method described earlier \[[@bib0115]\] and values were expressed as μM using Chloramine T as standard.

2.5. Determination of antioxidant parameters in kidney {#sec0035}
------------------------------------------------------

Total thiols (TTH) level was determined in renal tissue and expressed as mM reduced glutathione as a standard \[[@bib0120]\]. Antioxidant enzymes in renal tissue viz. catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione-s-transferase (GST) were determined spectrophotometrically (UV-1601, Shimadzu) to assess the alterations in antioxidant system. GST and GR activities were determined according to standard methods and activities expressed as μmol GSH-CDNB conjugate formed/min/g of tissue and nmol NADPH/min, respectively \[[@bib0125],[@bib0130]\]. Similarly activities of GPx, SOD and CAT were determined in renal tissue homogenate using standard methods \[[@bib0135], [@bib0140], [@bib0145]\].

2.6. Histopathological studies {#sec0040}
------------------------------

The histopathological studies were carried out according to standard method. Formalin fixed renal tissue of different groups were embedded in paraffin, sectioned, stained with hematoxylin and eosin and examined under a light microscope for histopathological studies.

2.7. Statistical analysis {#sec0045}
-------------------------

The biochemical and oxidative stress parameters were analyzed for analysis of variance at 5% level of significance using the Duncan Multiple Range test.

3. Result and discussion {#sec0050}
========================

The environment is complex fabric of chemical agents and physical factors which vary both in time and space. It is becoming evident that environmental exposures in humans are not just limited to single chemical rather they are exposed concurrently to a large number of chemicals. At the present time, issues related to assessing, managing and communicating the health risk associated with exposures to chemical mixtures are becoming steadily more critical from a public health perspective \[[@bib0150], [@bib0155], [@bib0160]\]. Continuous exposures to cocktail of chemicals may induce subtle health effects which may later get manifested into serious health disorders in humans. Kidney is the principal organ responsible for elimination of most of these chemicals and maintaining the cellular redox status. Nowadays incidences of chronic renal disorders are ever increasing due to increased levels of environmental contaminants.

Repeated administrations of IMI significantly (P \< 0.05) increased plasma levels of blood urea nitrogen (91.3%) and creatinine (54.7%) while as exposure to arsenic alone at 50, 100 and 150 ppb significantly increased BUN (56.1--136.2%) and CR (49.1--83.0%) compared to control ([Table 1](#tbl0005){ref-type="table"}). The increased levels of BUN and CR may be either due to increased breakdown of tissue or dietary protein and/or impaired renal excretion of nitrogenous waste \[[@bib0165]\]. Increased CR levels are associated with degenerative changes of cardiac and skeletal muscles. Impaired renal function in present investigation may be as a resultant of oxidative insults induced by either IMI \[[@bib0070],[@bib0170], [@bib0175], [@bib0180]\] or arsenic in mammals \[[@bib0185],[@bib0190]\]. Co-administrations of the toxicants produced more pronounced increase in BUN (288.2%) and CR (188.7%) levels indicative of more severe renal dysfunction as compared to individual administration of either toxicant ([Table 1](#tbl0005){ref-type="table"}). Similar observations have also been reported with co-exposure of different metals with different insecticides \[[@bib0195], [@bib0200], [@bib0205]\].Table 1Effect of repeated oral administrations of imidacloprid (IMI) and arsenic (As) alone and in-combination on plasma renal biomarkers, total thiols and renal tissue damage indicators in Wistar rats.Table 1Groups\
(n = 6)TreatmentBUNCRTTHMDAAOPPIControl21.99^a^± 2.500.53^a^±0.063.65^d^± 0.14121.65^a^± 2.451.60^a^± 0.046IIImidacloprid (IMI)42.06^bc^± 3.330.82^b^±0.052.45^c^± 0.34043.83^b^± 2.141.99^cd^± 0.036IIIArsenic\
(50 ppb)34.33^b^± 2.310.79^b^±0.083.16^d^± 0.29037.82^b^± 1.851.84^b^± 0.040IVArsenic\
(100 ppb)43.61^c^± 2.390.91^b^±0.042.55^c^± 0.02659.63^c^± 1.891.93^bc^± 0.031VArsenic\
(150 ppb)51.94^d^± 3.020.97^bc^±0.062.30^bc^± 0.05267.69^d^± 2.242.02^cd^± 0.050VIIMI + As\
(50 ppb)62.11^e^± 3.021.03^bc^±0.091.94^bc^± 0.12074.38^d^± 2.362.08^d^± 0.041VIIIMI + As\
(100 ppb)75.01^f^± 2.811.19^c^±0.091.72^ab^± 0.21485.46^e^± 2.612.20^e^± 0.037VIIIIMI + As\
(150 ppb)85.37^g^± 3.041.53^d^±0.131.32^a^± 0.177108.52^f^± 3.722.24^e^± 0.031[^1][^2][^3][^4][^5]

Oxidative stress may be induced due to excessive free radicals like reactive oxygen/nitrogen species (ROS/RNS) generated during metabolism of toxicants which may directly interact with cellular macromolecules including DNA, lipids and proteins resulting into altered structural and functional integrity of cells. Total thiols (-SH group) plays a major role in the detoxification of extra- and intra-cellular RNS/ROS, and therefore, is an indispensible component of the cellular antioxidant defenses. Its concentration is also responsible for maintaining redox state of protein thiols involved in DNA synthesis and repair. Repeated oral administration of IMI produced significant reduction in the TTH level (32.9%) in the renal tissue of rats \[[@bib0070],[@bib0210],[@bib0215]\]. Similarly, exclusive access to drinking water containing arsenic in drinking water in different concentrations (50, 100 and 150 ppb) resulted to reduction in TTH level (13.4--36.9%) of renal tissues of rats \[[@bib0185],[@bib0220],[@bib0225]\]. Co-exposure to IMI and arsenic produced more pronounced fall in TTH level (63.8%) in renal tissue as compared to control ([Table 1](#tbl0005){ref-type="table"}). Similar decline in TTH level have also been reported in different visceral organs in arsenic exposed rats \[[@bib0230], [@bib0235], [@bib0240]\].

The increased free radicals generated during IMI and arsenic metabolism with reduced cellular free radicals scavenging capacity (decreased TTH) might be responsible for free radicals induced membrane lipid (MDA) and protein oxidation (AOPP) in renal tissue. A significant increase in the MDA (102.4%) and AOPP (24.4%) following repeated oral administrations of IMI alone was observed compared to control. Similar observations have also been reported in deltamethrin \[[@bib0210]\] and dichlorodiphenyltrichloroethane \[[@bib0215]\] exposure in rats. Similarly exposure of different levels of arsenic in drinking water produced significant rise in levels of MDA (74.7--212.7%) and AOPP (15.0--26.3%). The increased membrane lipid and protein peroxidation have been reported in renal \[[@bib0185],[@bib0245],[@bib0250]\], hepatic \[[@bib0235]\] and testicular tissue \[[@bib0240]\] of rats following exposure of arsenic. Simultaneous exposure of both the toxicants produced more pronounced increase in oxidation of membrane lipids (401.2%) and proteins (40.0%) of renal tissue compared to control as well as exposure of either toxicant ([Table 1](#tbl0005){ref-type="table"}). These observations are in accordance with the observations reported with co-exposure of metals and insecticides to rats \[[@bib0195],[@bib0205],[@bib0230]\].

Reduced antioxidant enzymes (GST, GR, GPx, SOD and CAT) responsible for the scavenging of super oxides, peroxides and hydroxides generated during toxicant induced oxidative insults might have been responsible for increased MDA and AOPP levels in renal tissue. In the present study, IMI caused a significant decline in the activities of SOD (36.0%), GST (53.7%), GR (30.1%), GPx (50.2%) and CAT (36.0%) after repeated oral administrations in rats for 28 days ([Table 2](#tbl0010){ref-type="table"}). Similar results have also been observed following subacute exposure of deltamethrin \[[@bib0210]\], cypermethrin \[[@bib0255]\] and acetamiprid \[[@bib0260]\].Table 2Effect of repeated oral administrations of imidacloprid (IMI) and arsenic (As) alone and in- combination on activities of antioxidant enzymes of renal tissue in Wistar rats.Table 2Groups\
(n = 6)TreatmentGSTGRGPxSODCATIControl92.55^f^± 4.5856.11^e^± 3.3445.19^f^± 3.67378.08^e^±14.93352.99^g^±84.3IIImidacloprid (IMI)42.85^cd^± 4.5139.26^cd^± 2.8922.51^cd^± 2.26241.92^d^±12.82145.15^e^±59.2IIIArsenic\
(50 ppb)61.73^e^± 4.3444.71^d^±2.1732.67^e^± 2.09266.99^d^±18.22840.30^f^±79.3IVArsenic\
(100 ppb)49.45^d^± 3.7142.10^d^±3.3625.52^d^±2.25232.47^cd^±13.62141.05^e^±77.9VArsenic\
(150 ppb)44.15^d^± 2.9537.03^cd^±2.3818.30^bc^±1.58194.52^bc^±13.91700.15^d^±73.2VIIMI + As\
(50 ppb)33.43^bc^± 2.7832.90^bc^±2.3116.46^bc^±1.50171.64^ab^±14.41488.44^c^±67.5VIIIMI + As\
(100 ppb)27.95^ab^± 1.5725.87^ab^±1.0313.95^ab^±1.20147.95^a^±12.71294.78^b^±44.5VIIIIMI + As\
(150 ppb)21.05^a^± 1.6023.98^a^± 2.009.56^a^± 0.692133.70^a^±14.71077.24^a^±34.8[^6][^7][^8][^9][^10][^11]

Arsenic at 50, 100 and 150 ppb in drinking water also produced reduction in the activities of SOD (54.6--64.6%), GST (33.3--52.3%), GR (20.3--34.0%), GPx (27.7--59.5%) and CAT (15.3--49.5%) in renal tissue of Wistar rats (Figure 5a and b). Similar findings were also reported by Patel and Kalia (2010) and Lakshmi et al. (2015) following exposure of arsenic to rats. Co-exposure of IMI and arsenic at 150 ppb produced more pronounced decrease in activities of SOD (64.6%), GST (52.3%), GR (57.3%), GPx (57.5%) and CAT (67.9%) in renal tissue of Wistar rats. The reduction in activities of these antioxidant enzymes might be either due to increased concentration of free radicals or decreased concentration of reduced glutathione a substrate for different antioxidant enzymes like GPx, GST and GR. Such pronounced alterations in different antioxidant parameters in different visceral organs of animals exposed concurrently to insecticides and metals have been reported \[[@bib0205],[@bib0230], [@bib0235], [@bib0240]\].

3.1. Histopathological alterations {#sec0055}
----------------------------------

Microscopic examination of kidney sections of the IMI administered group revealed minor alterations from the normal renal structure of control rats with no appreciable histopathological abnormalities. There was slight shrinkage of glomeruli with a mild degeneration of the epithelial cells in the kidneys. Administration of IMI at dose higher than NOAEL has been reported to cause degeneration of renal tubules and glomeruli of female rats \[[@bib0100],[@bib0170]\]. A dose of 80 mg/kg/day in IMI in chicken and rats has been reported to cause dilatation of tubules, shrunken glomeruli, vacuolation, inter tubular hemorrhages and hyaline casts \[[@bib0175],[@bib0265]\].

In the current study, exposure to different concentrations of arsenic produced histopathological lesions which increase in severity with the increasing concentration of the arsenic in drinking water. At low dose of arsenic (50 ppb), slight alterations with no appreciable pathological lesions were observed but with the increasing concentration, mild to moderate vacuolar degeneration of tubular epithelium was seen. Such findings in renal tissue are in accordance with the findings of Chowdhury et al. \[[@bib0270]\]. Co-administration of IMI and arsenic produced histopathological lesions like degeneration and necrotic changes in tubular epithelial cells, necrosis and infiltration of phagocytic cells, disruption of tubular basement membrane along with oedema, hemorrhages and inter-tubular congestion. Such changes were very prominent and more severe with co-exposure of IMI with arsenic ([Fig. 1](#fig0005){ref-type="fig"}). Similar administration of arsenic at 10 mg/kg, orally for 8 weeks in mice showed severe degenerative changes with mononuclear cell infiltration in kidney \[[@bib0275]\].Fig. 1Photomicrograph of Hematoxylin and Eosin (10X) stained sections of formalin fixed kidney (a) control animals showing normal renal parenchyma (b & c) group II and III showing alterations in histological appearance of renal parenchyma with slight degenerative changes (d) group VI: hemorrhages and congestion in renal interstitial tissues (e) group VII: vacuolar degeneration of tubular epithelium and presence of hyaline casts in tubular lumen of rats (f) and group VIII: necrosis of tubular epithelium in Wistar rats.Fig. 1

4. Conclusion {#sec0060}
=============

Elevated renal biomarkers, tissue damage indicators with reduced activities of antioxidant enzymes and total thiols along with histopathological alterations following repeated oral administrations of IMI or arsenic in drinking water indicate renal damage. Such cellular alterations in renal tissue due to reduced antioxidant defense were more pronounced in co-exposed toxicant groups indicating thereby the potentiation of arsenic induced renal damage by IMI in Wistar rats.
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[^1]: Values are given as mean ± SE of 6 animals unless otherwise stated.

[^2]: Values having different superscript (a,b,c,d,e,f) in a column are statistically different from one another at 5% level of significance.

[^3]: Values of Blood urea nitrogen (BUN) and plasma creatinine (CR) are expressed in mg/dl.

[^4]: Values of TTH (total thiols) are expressed in μM.

[^5]: Lipid peroxidation is expressed in nmol MDA produced/g of tissue/hr whereas AOPP in μM of Chloramine T.

[^6]: Values are given as mean ± SE of 6 animals unless otherwise stated.

[^7]: Values having different superscript (a,b,c,d,e,f) in a column are statistically different from one another at 5% level of significance.

[^8]: Values of GST (glutathione S transferase) are expressed in μmol of CDNB conjugate formed/ min/ g of tissue.

[^9]: Values of GR (glutathione reductase) are expressed nmol of NADPH/min.

[^10]: Values of SOD (Superoxide dismutase) and GPx (glutathione peroxidase) are expressed in Unit/ g of tissue.

[^11]: Values of CAT (Catalase) are expressed in μmol H~2~O~2~ decomposed/ min/ g of tissue.
